Abstract: Antenna is a very important component of communication systems. An antenna is a device used to transform an RF signal, travelling on conductor, into an electromagnetic wave in free space. The transmitter signal is sent into space by a transmitting antenna; the RF signal is picked up from space by a receiving antenna. Microstrip antenna is also referred as a patch antenna. In designing rectangular microstrip patch antennas, a number of substrate can be used. Rectangular microstrip patch antennas are attractive due to their light weight, conformability and low cost. These antennas can be integrated with printed strip-line feed networks and active devices. The design is determined by optimal selection of dimensions, which represent the length and width, of the antenna structure. To optimise the dimensions, ABC-PSO algorithm is proposed in our work. The experimental results demonstrated that the designed antenna gives ideal radiation characteristics over the operating bands. Subsequently, the performance is compared in detail with the existing designs. The cheering outcomes achieved have unequivocally ratified effectiveness of our proposed technique and is able to improve the design parameter. 
Introduction
In recent years, significant advancement in the wireless communication needs antenna having lightweight, low profile, superior performance, and multi-band operation. For these requirements, microstrip antenna is a good candidate due to thin profile, light weight, low cost, and easy fabrication. Wideband and multiband antenna are preferred to avoid using multiple antennas for different operating frequencies (Garg et al., 2013) . Wireless communications are being gradually introduced in industrial environments to provide ubiquitous communication opportunities at reduced costs. Wireless solutions can also better adapt to changing operating and network than wired networks, and can offer better scalability and re-configurability perspectives (Bellofiore et al., 2002) . The broadcasting nature of the wireless channel makes it naturally suitable for multicasting applications (Verdu, 1986) . Wireless communication systems have experienced significant growth as the demand for smaller devices and higher bandwidths continue to push the development of more versatile wireless technologies. Many wireless local area network (WLAN) communication systems are currently available offering different operating frequencies, data rates and capacities for a variety of emerging applications including ubiquitous computing, smart buildings and sensor networks (Minasian and Bird, 2013) .
The definition of terms of antennas or aerial on the resonant frequency (F) and bandwidth of the according to IEEE standard (IEEE Std. 145-1983 ) defined antenna.as, "A means for radiating or receiving radio waves". Generally, the transitional structure between free space and a guiding device was known as antenna. There are various types of antennas such as wire antennas, aperture antennas, microstrip antennas and reflector antennas (Shihab et al., 2008) . In some applications, the microstrip antenna is required to work at two frequencies that are out of the bandwidth of a single antenna (Ramna, 2013) . The microstrip antenna easily achieves the multi frequency mode using: 1 the multilayer stacked patches 2 the dual-feed single patch 3 a patch loaded with the shorting pins and slot 4 others.
The dual-frequency microstrip antenna could be easily designed by two slightly different size patches. The separation of two frequencies is controlled by the gap between two patches .
With rapid development of wireless communications technology, wideband and low-profile antennas have become a necessity for mobile communication devices. One of the candidates able to meet most requirements was the inverted-F antenna (IFA). That antenna was particularly known for its ability to allow a simple impedance matching in a low-profile design. The attractive features of IFA are its low profile and light weight structure and the ease of integration into small form factors of space-limited wireless terminals (Bhalla and Bansal, 2013) . A single antenna is covering several wireless communication systems. In particular, WLAN and worldwide interoperability for microwave access (WiMAX) have been developed rapidly that have simple structure, multiple bands, compact size, and low-cost antennas attract worldwide attention (Hosseini, 2014) . Antenna covers three important design aspects of microstrip patch antennas, such as size reduction, multi frequency operation, and bandwidth enhancement. The innovation of our work is multiresonant characteristics and wide operating impedance bandwidth in compact size without using thick foam substrate, shorting pin, stacked patch, or modifications in the feed (Samsuzzaman et al., 2013 ). The method of particle swarm optimisation is used to determine an optimum set of weights and antenna element separations that provide a radiation pattern with maximum side lobe level reduction with the constraint of a fixed major lobe beam width. The results show that the design of non-uniform circular antenna arrays have used PSO method provides a side lobe level reduction better than that obtained using genetic algorithms (Khandaker and Rong, 2013) .
Related review
Some of the handful researches available in literature are reviewed below. Pan et al. (2014) have proposed a compact single-feed circularly-polarised (CP) wide beam microstrip antenna for CNSS application. The antenna was designed with a double-layer structure, comprising a circular patch with two rectangular stubs along the diameter direction and a parasitic ring right. The resonance frequency and the CP characteristics are mainly controlled by the circular patch and the rectangular stubs, respectively. The vertical half power beam width (HPBW) could be widened by the parasitic ring. Bakariya et al. (2015) have proposed a new design of a multiband microstrip antenna with a proximity coupled feed for operating in the LTE2300 (2,300-2,400 MHz), Bluetooth (2,400-2,485 MHz), WiMAX (3.3-3.7 GHz), and bands. In addition, it also covers 6-dB impedance bandwidth across the UMTS (1,920-2,170 MHz) band. The antenna consists of a corner-truncated rectangular patch with a rectangular slot, meandered microstrip feed, and defected ground plane. The antenna was fabricated using 0.8 mm thick FR4 substrate with a dielectric constant of 4.4 and has a small size of only 27 × 24 mm 2 . The antenna shows a stable gain over the operating bands and radiation characteristics. Das et al. (2015) have proposed a miniaturised slotted microstrip antenna with modified ground plane for multi resonant wideband operation. The miniaturised antenna dimension was only about their length. The wavelength of the resonant frequency of the conventional antenna is 5.5 GHz. It shows two distinct resonant frequencies at 2 and 3.3 GHz. A 10 dB wide-impedance bandwidth of 3,100 MHz ranging from 4.2-7.3 GHz. Deshmukh and Ray (2013) have proposed the surface currents and voltage distributions for a dual-band pair of rectangular slots, and for U-slot-cut rectangular microstrip antennas, over a wide frequency range. It was observed that the slot does not introduce any mode, but reduces the higher-order orthogonal mode resonance frequency of the patch and, along with the fundamental mode, realises the dual-band response. The current and voltage distributions, a formulation for the slot's resonant length on a glass epoxy substrate. The frequencies calculated using the formulations agreed well with the simulated values, with an error of less than 5%. These formulations were also validated on RT-duroid substrate. Deshmukh and Ray (2012) have proposed an analysis of the broadband response of the reported configuration. The voltage and current distributions on the shorted patch, a formulation for its resonance frequency was used. The frequencies calculated using the equation closely agreed with the simulation. The broadband response of the reported configuration was analysed by its resonance-curve plots and surface-current distribution. It was observed that the folded patch and a wing-like extension on the folded-patch portion, the L-slot, and the folded feed modified the various fundamental and higher-order mode resonance frequencies (such as 1/4, 0f, 1/4, 1f, etc.), as well as the impedances at these frequencies, to yield the broadband response. By optimising the folded feed length, an increased bandwidth of 3,504 MHz (139.2%) was obtained. Over the bandwidth, this configuration showed a radiation pattern with higher cross-polarisation levels and with a gain of more than 5 db have proposed artificial neural networks have been getting popularity for predicting various performance parameters of microstrip antennas due to their learning and generalisation features. A neural-networks-based synthesis model was used for predicting the 'slot-size' on the radiating patch and inserted 'air-gap' between the ground plane and the substrate sheet, simultaneously. Different performance parameters like resonance frequencies, gains, directivities, antenna efficiencies, and radiation efficiencies for dual resonance are observed by varying the dimensions of slot and inserted air-gap. For validation, a prototype of microstrip antenna was fabricated using Roger's substrate, and its performance parameters are measured. Measured results show a very good agreement to their predicted and simulated values. Nakamura and Fukusako (2011) have proposed a broadband circularly polarised patch antenna using an artificial ground (AG) structure with rectangular unit cells as a reflector. The AG structure changes the reflection phase in accordance with the polarisation state of the incident wave by properly combining the transmitted wave from the antenna and the reflected wave from the AG structure, broadband circular polarisation. The AG structure and the antenna are simulated using a full-wave solver and the results show a 10 dB return loss bandwidth of 48.6% and a 3 dB axial ratio bandwidth of 20.4%. Sethi et al. (2015) have proposed a microstrip patch antenna can be efficiently designed using a soft computing algorithm named particle swarm optimisation. A number of basic variations have been used to improve speed of convergence and quality of solution found by other methods. PSO is more appropriate in accelerating the best solutions and also the diversity of problems to be solved. The design of probe fed is a rectangular microstrip patch antenna for WCDMA using soft computing technique, particle swarm optimisation. A substrate with dielectric constant of 4.4 and height 1.588 mm has been used for the design of microstrip patch antenna. Li et al. (2012) have proposed a dual-frequency microstrip antenna. The antenna consists of a rectangular radiating patch, the ground, and a periodic offset double-sided parallel-strip line structure that was used as the substrate. The phase constant of the substrate was less than 0 at the frequency of operation, which makes the rectangular microstrip antenna work in different modes, and has two resonant frequencies.
Proposed methodology for optimising the design of rectangular microstrip patch antenna using fusion of ABC-PSO
In antenna design, optimisation plays a key role. The parameters of this rectangular microstrip patch antenna can be computed by using the fusion of ABC-PSO optimisation algorithm. Due to the finite dimensions of the patch along the length and width, the fields at the edges of the patch undergo fringing. The fringing fields act to extend the effective length of the patch. Thus, the length of a half-wave patch is slightly less than a half wavelength in the dielectric material. There are various categories of materials used to optimise the structural demonstrate of an antenna. Through these methods, we can improve the properties of an antenna in terms of return loss, antenna efficiency, and antenna gain measures. In this paper, we proposed an optimisation technique which can optimise the parameters used in the antenna. The antenna parameters we select is the rectangular microstrip patch antenna for optimisation process. Hence, the presented method is discussed below in detail
Optimisation of parameters using ABC-PSO
The parameters in a microstrip antenna design control comprise the length and width. The length of the patch named as L, controls the resonant frequency. The width, named as W, controls the input impedance and the radiation pattern. The larger width can increase the bandwidth. The dataset for the dimension-based optimisation used in our design has to be more suitable to enhance the antenna performance for wide band applications. Based on the proper selection of dimensions in an antenna, we can minimise the antenna size also. In particular, the enhancement of return loss can also be achieved by our parameters for different frequencies.
Structure of microstrip antenna
The proposed rectangular microstrip patch antenna is a formation of cross shaped strip line and defected ground structure. In this design, the radiator and ground plane are fixed on the opposite sides of a printed-circuit board with a dielectric constant of 4.4 and substrate thickness of 1.6 mm.
The ground plane has the overall size with dimensions L × W. The calculation of the length and width of the antenna is the important aspect in the mathematical modelling of the proposed system. 
(1)
The actual width (W) of patch
where μ 0 is the permeability ε 0 is the permittivity C is the velocity ε r is the dielectric constant f r is the resonant frequency.
The actual length of the patch (L)
where ΔL is the line extension.
The above mathematical modelling can be used for the optimisation of parameters to be better and effective. The performance of the proposed antenna is explained in terms of return loss, bandwidth, directivity, efficiency, and antenna gain.
Return loss
This is the absolute reflection coefficient that the loss of signal power causing from the reflection is produced at a discontinuity in a transmission line. The loss that returned is called as return loss. It is measured in decibels (dB). 
where p in is the incident power P rf is the reflected power.
Antenna gain
The gain of microstrip patch antenna in the transmitting side is the same to its gain in the receiving end. It is stated in terms of db.
Here,
A G is the antenna gain
A E is the antenna efficiency D is the directivity.
Antenna efficiency (A E )
It is defined as the proportion of the radiated power to the input power of the antenna. It is also named as radiation efficiency.
where P in is the input power in watts P r indicates the radiated power of the antenna.
Hence, the design of antenna can be evaluated using the parameter mentioned above using hybrid fusion of ABC-PSO optimisation algorithm with weight generation using neural network. PCADD software is used to develop the initial dataset of parameters in the microstrip antenna. 
Training and weight optimisation using NN:
Commonly, the neural networks are trained such that the input has to provide a specified output. The neural network has greater compatibility with the modelling procedure. The feed forward neural network is employed in the proposed method for training. The weight calculation can be generated in order to improve the data while training. To design an antenna artificial neural network plays an effective supportive role and it works like the functionality of biological nature of human brain. The ANN consists of three layers: input, output and hidden layer. The dataset of antenna is applied for training the feed forward neural network with back propagation. The input weights of every neuron in the network with l I ′′ input layers, a h I ′′ hidden layers and an output layer. The weighted, basis function and activation function which is chosen for the design 
where N s is the dimension of data ω xy is the weight of the neuron β is the bias.
While training, the learning error is calculated using the following equation (12) ( )
where E is the error function
The fitness function can be calculated by taking the square root of E. Now weight optimisation has been applied to remove the error in the network. It is done by using fusion of hybrid ABC-PSO.
Merging of hybrid ABC-PSO for optimisation
The steps involved in merging of hybrid ABC-PSO for optimisation as follows:
Step 1 Initialisation.
Step 2 Finding the optimal solution as the constraint.
Step 3 Evaluate the fitness function and then relate these functions as the constraints.
Step 4 Choosing the best solution (gbest) using two levels of multi-balanced ABC-PSO, such as follows:
Step 4.1 Choosing the gbest using artificial bee colony (ABC) as follows:
• Initialise.
• Evaluate the employed bees on the food sources in the memory.
• Evaluate the onlooker bees on the food sources in the memory.
• Send the scouts to the search area for discovering new food sources.
• Repeat the process until the termination criteria occurs.
Step 4.2 Simultaneously, choosing the gbest using PSO as follows:
• Initialise position p i and velocity v i randomly.
• For all particles calculate fitness using the equation.
• If the fitness is better than previous p best set the current values as the new pbest.
• Repeat the steps for all particles and select the best particle as the gbest.
• For all particles compute the velocity and update their position.
• If the maximum iteration is not satisfied means repeat from after the fitness function step.
Step 5 Priority-based classification of ideal solution.
Step 6 Ultimate finest solution.
Proposed artificial bee colony for finding the ideal solution
After initialisation, the population of the positions is subjected to repeated cycles of the search processes of the employed bees, the onlooker bees, and scout bees. Here, the onlookers and employed bees carry out the exploitation process in the search space; the scouts control the exploration process and better the solution.
Employee bee phase
At the initialisation stage, a set of food source positions are randomly selected by the employed bees and their nectar amounts are determined. Then, these bees come into the hive and share the nectar information of the sources with the onlooker bees waiting on the dance area within the hive. Initially, ABC generates a randomly distributed initial population having N s solutions where each solution is the food source position and N s is the population size. Each solution is represented by h i , where 1 ≤ i ≤ N s is an M-dimensional vector, where M is the number of optimisation parameters taken into consideration.
Onlooker bee phase
In this phase, selection of the food sources by the onlookers after receiving the information of employed bees and generation of new solution is carried out. The onlooker bee prefers a food source area depending on the nectar information distributed by the employed bees on the dance area. As the nectar amount of a food source increases, the probability with which that food source is chosen by an onlooker increases, too. Hence, the dance of employed bees carrying higher nectar recruits the onlookers for the food source areas with higher nectar amount. An onlooker bee chooses a food source depending on the probability value associated with that food source (F i ) given by the expression:
where P i the fitness value of the solution N s the number of food sources which is equal to the number of employed bees.
Scout bee phase
The employed bee whose food source is exhausted by the employed and onlooker bees becomes a scout and it carries out random search. The food source whose nectar is abandoned by the bees is replaced with a new food source by the scouts. This is simulated by randomly producing a position and replacing it with the abandoned one. Therefore, in this approach, a scout explores the search space globally in the initial iterations and locally in the final iterations. Since in the last iterations, improvement of the best food source may not happen, therefore, it may be selected as a scout and removed from the population.
Proposed particle swarm optimisation for finding the ideal solution
After choosing the best fitness function new population is generated and hence, the new populations are generated for the finding the best fit expressions among the other expressions in the population. The new populations are calculated as per setting two specifications described by the PSO algorithm.
Fitness function
Every optimisation programs are bounded with some fitness functions, according to the nature and behaviour of the inputs and outputs, the fitness functions also changes. The value generated from the fitness function is called fitness value. We select the population, which we already defined, for calculation of the fitness. Every expression in the population is selected for calculating their fitness. The result is then processed by means of above furnished values. In accordance with those values, the accuracy value is calculated and thus the fitness. Likewise every expression is treated in same manner and the fitness values of all expression are selected. This process is continued till the iteration specified. In the case of PSO, the number of iterations is specified by the user itself. The expression with highest fitness value is selected as the global best.
Update p best and g best
The specifications are position and velocity of the elements in the population, in the current scenario, the expressions are considered as the elements of the population. Then, for getting new populations, the velocity and the position of each value are updated. Each particle knows its best value so far (pbest) and its position. Moreover, each particle knows the best value so far in the group (gbest) among pbests. This information is analogy of knowledge of how the other particles around them have performed. Each particle tries to modify its position using the following information:
The updation is made possible by the following equation: Every particle has a best position in its swarm called pbest, if the updated position is greater than the pbest, then it is considered as the pbest. The best value among the pbest is considered as the gbest value of the whole swarm (population). If the updated position is greater than the gbest, it is then considered as the gbest. This process is continued up to a termination criteria are met, mostly iterations are considered as the termination criteria.
Priority-based classification of ideal solution
In priority-based classification of ideal solution, merging and classification is done for choosing the ideal values from multi-balanced ABC-PSO. Hence, we have classified the best fitness as the solution. The priority-based classification of ideal solution is introduced here in order to rank the best ideal solution. At first, merging the ideal solution can be done using the following equation
Gbest of ABC generated ideal solution using ABC gbest of PSO generated ideal solution using PSO.
Ultimate ideal solution
After combining all the solution, classify the solution to the best and here the worst solutions are neglected and the ideal best solution are selected using the ultimate ideal solution stage. Hence, these values are considered to the finest solution.
Results and discussion
The outcomes attained and the resulting debates based on them are detailed in this section. The investigational set up and replication outcomes are thrashed out below. The database is used for obtaining the design parameter that is optimised via fusion of ABC-PSO after training using artificial neural network. Hence, Section 4.1 gives the details discussion about our proposed technique. 
Experimental setup and simulation results
The proposed design technique for parameter optimisation is implemented in a system having 8 GB RAM with 32 bit operating system having i5 Processor using MATLAB Version 2013. The return loss, VSWR is calculated using certain parameters of patch antenna. Also, parameters like antenna gain, antenna efficiency, bandwidth, and directivity are calculated to show the system effective. The parameter VSWR is a measure that numerically describes how well the antenna is impedance matched to the radio or transmission line it is connected. VSWR is the ratio of the peak amplitude of a standing wave to the minimum amplitude of a standing wave. When an antenna is not matched to the receiver, power is reflected. This causes a reflected voltage wave, which creates standing waves along the transmission line.
From the analysis of Tables 1 to 4 and Figures 2 to 5 above shows that as follows:
• Table 1 shows the evaluation of return loss of ANN vs.
PCAAD outputs and Table 2 shows the evaluation of VSWR and return loss of ANN.
• Table 3 shows the simulation results of return loss and Table 4 shows the simulation results of efficiency, directivity and antenna gain.
• Figure 2 shows the bandwidth comparison for the target output of ABC, PSO, GA and hybrid ABC-PSO.
• Figure 3shows the directivity comparison for the target output of ABC, PSO, GA and hybrid ABC-PSO.
• Figure 4 shows the efficiency comparison for the target output of ABC, PSO, GA and hybrid ABC-PSO.
• Figure 5 shows the return loss comparison for the target output of ABC, PSO, GA and hybrid ABC-PSO.
• We can also see that our technique is having better efficiency, bandwidth for all conditions.
• The above table shows the effectiveness of the proposed work comparing to the existing method such as ABC, PSO, GA.
• Thus, the optimised parameters obtained from proposed method proved to be best for design of rectangular microstrip patch antenna.
Conclusions
The methodology used in this paper for design parameter of optimisation is done by using the fusion of ABC-PSO. At first, the data is trained using neural network and then to reduce the error, weight is optimised using the optimisation algorithm. The experimental results demonstrated that the designed antenna gives ideal radiation characteristics over the operating bands. Subsequently, the performance is compared in detail with the existing designs. The cheering outcomes achieved have unequivocally ratified effectiveness of our proposed technique to improve the design parameter.
